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 The Nebraska Sand Hills have been an important study area for dune activation 
and the nature of prehistoric drought events in the Great Plains.   However, little has 
been done to understand the impact of these droughts to smaller dune fields along the 
eastern margin of the Great Plains.  This study focuses on the Stanton dune field which 
is found about 145 km east of the Sand Hills along the southern edge of the Elkhorn 
River valley in northeastern Nebraska.  With a wetter and slightly cooler climate regime 
than that of the Nebraska Sand Hills and most other central Great Plains dunes, the Stan-
ton dunes could provide valuable insight into the extent of large-scale dune activation 
and the nature of regional drought events.  Twenty-four optically stimulated lumines-
cence (OSL) ages from the Stanton dunes reveal several activation periods that cluster 
into several distinct groups:  less than 120 years ago (n=2), around 410-630 years ago (n 
= 7), around 1000 years ago (n = 2), and around 3,800 to 5,800 years ago (n = 6).  The 
two younger clusters do not correspond to major dune activation events in the Nebraska 
Sand Hills, while both of the older periods chronologically overlap with the activation 
of dunes in the Nebraska Sand Hills and other major central Great Plains dune fields.  
Optical ages in the Stanton dune field suggest that megadroughts reach far beyond the 
eastern edge of the Nebraska Sand Hills.  Geochemical evidence indicates that the Stan-
ton dunes and the underlying alluvium are similar to the sand found in the Nebraska 
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Sand Hills.  The two older dune formation events from the Stanton dunes may be related 
to drought-induced changes in sediment supply in the Elkhorn River which drains a por-
tion of the Nebraska Sand Hills.  Thus, the activation events of the Stanton dunes may 
have been driven by a combination of drought and changes in sediment supply. 
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Introduction 
 The world’s numerous eolian features have proved to be a significant resource in 
climatic studies over the last several decades as they continue to stabilize, activate, and 
reform as global climates change, and as they provide researchers with even more in-
sight into past climates and the consequent landscape changes that have occurred.  There 
are several climatically arid and semi-arid regions in North America, including the de-
serts of the Southwest United States and Mexico and the Great Plains of the Central 
United States and Canada, thus providing this continent with a variety of eolian features, 
most important of which are sand dunes.  Several sand dune fields are found in the Great 
Plains in North America, the largest of which is the Nebraska Sand Hills, currently sta-
bilized by grassland and shrub steppe vegetation (Bleed and Flowerday, 1998).  As the 
largest erg, or sand sea, in North America, the Nebraska Sand Hills have been studied 
extensively in many scientific fields and have become the standard to which researchers 
compare findings and studies from other dune fields.  Various aspects of the Nebraska 
Sand Hills have been studied for well over 100 years, such as the native flora that domi-
nate the area (Kaul, 1998), but the study of the causes and timing of past activations of 
its dunes, and thresholds for activation, has only been a significant area of interest for 
about the last half century (Loope and Swinehart, 2000).  
 The Nebraska Sand Hills are an area well known for its blowing sand and diffi-
cult living conditions in historic times, to nomadic Native Americans and settlers of the 
1800s, and during the Dust Bowl of the 1930s.  While life and cultivation in the Nebras-
ka Sand Hills during these times was difficult, the magnitude at which the sediments 
were active pales in comparison to their pre-historic activity that occurred periodically 
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earlier in the Holocene.  The drought conditions and eolian activity of the Dust Bowl 
had devastating effects in and around the Nebraska Sand Hills, and across the Great 
Plains, so it has become important to rigorously study the Nebraska Sand Hills and un-
derstand thresholds to its activation phases if this geologically recent event is minute in 
comparison to its pre-historic events.  Though the Nebraska Sand Hills are currently sta-
bilized by grassland and steppe vegetation, major eolian activity is related to severe 
drought conditions.  Knowledge of the pre-historic climatic conditions that were neces-
sary to trigger dune field activation could be useful in the future.   
 Megadroughts, or prehistoric large-magnitude drought events, are often cited as 
the causal mechanism behind regional Holocene dune activations in the Nebraska Sand 
Hills, and across the Great Plains, often with far-reaching effects (Goble et al., 2004; 
Sridhar et al., 2006; Miao et al., 2007; Hanson et al., 2009; Hanson et al., 2010).  The 
most recent of these events would be the Medieval Climatic Anomaly (MCA), recog-
nized throughout Europe (Cook et al., 2004) and the North American West as a period 
of warm, dry, and variable climate from about 800 to 1000 years ago (Sridhar et al, 
2006; Miao et al, 2007; Schmeisser et al, 2010).  There are multiple potential causes for 
the MCA and prehistoric megadroughts leading to dune activations, such as the weaken-
ing, or an easterly or southerly shift of the Bermuda High, cool sea-surface temperature 
(SST) in the eastern tropical Pacific (ETP), and warm SST in the subtropical North At-
lantic (Sridhar et al., 2006; Miao et al., 2007; Schmeisser et al., 2010).  El Nino-
Southern Oscillation (ENSO), La Nina conditions, and low rates of evapotranspiration 
and low soil moisture in the Great Plains are also potential causes for prehistoric mega-
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droughts, and often several of these mechanisms occur simultaneously (Sridhar et al., 
2006; Miao et al., 2007; Schmeisser et al., 2010).   
 Early studies conducted in the dunes in the Nebraska Sand Hills, and elsewhere 
across the Great Plains, relied on pollen analysis and radiocarbon dating of buried soils 
within the dunes and peats that underlie the dunes (Ahlbrandt et al., 1983; Wright et al., 
1985; Loope et al., 1995; Arbogast, 1996).  Radiocarbon dating, however, is not ideal 
for dating sand dune activity because it is limited to dating bulk organic matter found in 
buried soils.  Rather than dating when sand was actively moving, this method estimates 
when dunes were stable and soil development dominated.  Thus, a method for estimat-
ing when sand dunes were active would be much more ideal (Stokes, 1999.)  A relative-
ly new and widely used technique developed in the 1990s, known as optical dating or 
optically stimulated luminescence (OSL) dating, now allows researchers to use the eoli-
an sediments comprising the dunes to date when those sand grains were last exposed to 
sunlight, or when they were active in the past.  The current chronological framework for 
eolian activity in the Nebraska Sand Hills is currently thus: between 9.6 to 6.5 ka, and 
around 3.8, 2.5, and 0.7 ka dune activity and continuous drought have occurred (Goble 
et al., 2004; Mason et al., 2004; Miao et al., 2007).  Optical dating of eolian activity on 
the Arkansas River dunes, KS (Forman et al., 2008), the Cimarron River valley dunes, 
OK (Lepper and Scott, 2005; Werner et al., 2011), the Greeley, Sterling, Fort Morgan, 
and Wray dunes, CO (Clarke and Rendell, 2003), the Ferris dunes, WY (Stokes and 
Gaylord, 1993), along with radiocarbon dating of the Great Bend Sand Prairie 
(Arbogast, 1996; Arbogast and Johnson, 1998), have also contributed several corre-
sponding activation ages to the current working Great Plains eolian chronology.  While 
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all of these studies have resulted in a wealth of information about Great Plains dune acti-
vations and climate, all of the aforementioned studies have been conducted west of the 
98th meridian while many smaller dune fields lie to the east along the eastern margin of 
the Great Plains (Figure 1).   
 Recently, two small dune fields east of the 98th meridian have been studied using 
optical dating: the Duncan dune field, NE, and the Abilene dune field, KS (Figure 1).  
The Duncan Dunes, located near the confluence of the Loup and Platte Rivers in the east
-central portion of Nebraska, have also been found to have optical ages of eolian activity 
that correspond well with other studies from the Sand Hills, in which activity occurred 
around 4.3 to 3.5 ka and around 0.9 to 0.5 ka (Hanson et al., 2009).  The Abilene dunes, 
roughly 120 m northeast of the Great Bend Sand Prairie in Kansas, were found to be ac-
tive 1.1 to 0.5 ka (Hanson et al., 2010).  The Abilene and Duncan dunes represent the 
easternmost dune activity of the Great Plains, which, unlike the larger dune fields to the 
west, were not active for the multiple drought events of the Holocene.  
 
Study Area  
 The Stanton dune field is a small area (~162 km.) of sand dunes located along the 
southern bank of the Elkhorn River in northeastern Nebraska, southeast of the town of 
Stanton.  Located at 41.92°N, 97.18°W, the Stanton dune field is the easternmost dune 
field in Nebraska and the Great Plains, lying about 145 km to the east of the Nebraska 
Sand Hills and about 113 km to the northeast of the Duncan Dunes (Figure 1B).  While 
complex megabarchan and barchanoid ridge dunes dominate the Nebraska Sand Hills 
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(Goble et al., 2004), barchan dune forms are the most prevalent form in the Stanton 
dune field.  The dunes currently overlie alluvial sediments from the Elkhorn River, 
while being bordered to the south by loess-capped uplands (Figure 2A.).  These uplands 
are comprised of Peoria loess with a thickness ranging from 12-16 meters (Mason, 
2001).  The Carlile Shale Formation forms the uppermost bedrock layer in this area of 
Stanton County, as noted by the geological descriptions in the Nebraska Department of 
Natural Resources Registered Groundwater Well Logs.  The primary land uses of the 
Stanton dune field area are rangeland, pasture, and cropland, as the dune field, like the 
Nebraska Sand Hills, is currently stabilized by grassland vegetation.   
 The Stanton dune field is in a humid continental climate, compared to the semi-
arid climate of the Nebraska Sand Hills.  Hot, wet summers and cold, dry winters dictate 
the climate and about 50% of the annual precipitation that falls in Nebraska Sand Hills 
and surrounding areas occurs during the late spring/early summer months of May, June, 
and July.  The Stanton dune field area and the eastern portion of Nebraska receive an 
annual average of 25 to 35 inches of precipitation (HPRCC, 2011) while the drier Sand 
Hills region receives an average of only 17 to 23 inches of precipitation each year 
(Wilhite and Hubbard, 1998).  Currently, the wind regime of the Nebraska Sand Hills 
and the central Great Plains can be associated with mid-latitude cyclones in the cool 
winter months, and with anti-cyclonic flow of warm moist air from the Gulf of Mexico 
during the spring and summer seasons (Sridhar et al., 2006).  Modern wind patterns for 
Norfolk, NE, the nearest long-term weather station data, indicate that the Stanton dune 
field receives north-northwest winds from mid-fall through winter, and southerly winds 
in spring through summer, with an average annual southerly wind (NCDC, 1998).  Mod-
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ern winds in the Sand Hills are primarily controlled by passing frontal systems (Wilhite 
and Hubbard, 1998) and generally flow from the north or northwest in the winter, and 
from the south or southeast in spring and summer (Sridhar et al., 2006), with an average 
annual northwest wind (NCDC, 1998).   
 
Methods 
Sample Collection 
 Sediment samples and cores were taken in the Stanton Dunes to develop a chron-
ological framework of eolian activity through optical dating.  The four areas used for 
sampling are located at three distinct distances and elevations from the south bank of the 
Elkhorn River (Figure 2B; Table 1.)  At least two high dune crests were chosen for sam-
pling on each of the properties, as well as one interdune location to develop a better 
overall chronology and magnitude of activation in the area.  Blowout exposures were 
avoided for sampling, as they would contribute only data on highly localized erosion. 
 Thirteen sediment cores were taken with a truck-mounted Giddings probe to 
characterize the site stratigraphy and to sub-sample sediments for particle-size analyses 
and optical dating at each site.  125 cm long plastic tubes were used to collect and retain 
the core samples with the Giddings probe.  Sediments were described following stand-
ard pedologic and geologic nomenclature (Schoeneberger et al., 2002; USDA, 2003).  
160 samples for particle-size analysis were taken at 30 cm intervals in each core, and a 
few samples were taken from lamellae present in  
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 Table 1.           
 Stanton Site Coordinates. 
   
 
 
 
 
 
several cores.  Samples were pretreated with sodium hexametaphosphate (NaHMP), a 
dispersant, then subjected to 1 minute of sonication and analyzed on a Malvern Master-
sizer 2000E.   
  
Geochronology 
 From the thirteen sediment cores, 36 samples were collected for optical dating; 
24 samples were processed and analyzed and the remaining samples were archived.  The 
sediment core of each site was sub-sampled for optical dating in the field at the base of 
the first core tube, at the base of the third core tube, and at the maximum depth of the 
core.  Some shallow interdune sites only allowed for the collection of two OSL samples.  
To determine the equivalent dose (De) for each sample, the single aliquot regen-
erative-dose (SAR) method (Murray and Wintle, 2000) was performed on the 90-150 
Site Latitude (°N) Longitude (°W) 
Stanton One 41.92341 97.15729 
Stanton Two 41.92117 97.16118 
Stanton Three 41.91879 97.1649 
Stanton Four 41.92481 97.15895 
Stanton Five 41.92655 97.1995 
Stanton Six 41.92563 97.19487 
Stanton Seven 41.92667 97.19802 
Stanton Eight 41.94053 97.17533 
Stanton Nine 41.94574 97.16591 
Stanton Ten 41.94261 97.17117 
Stanton Eleven 41.90126 97.15969 
Stanton Twelve 41.90043 97.16101 
Stanton Thirteen 41.89638 97.16673 
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µm quartz grain fractions.  In order to isolate the quartz sand grains, samples were pre-
treated with sodium polytungstate to remove heavy minerals followed by hydrofluoric 
acid treatments to etch the quartz sand grains and remove feldspar particles.  All sam-
ples were run using 5 mm aluminum disks which were sprayed with medical grade sili-
cone spray for the quartz grains to adhere to.  Each 5 mm aliquot holds about 1200 
grains.  Based on the preheat plateau test results (Appendix 1), performed on UNL-
2732, a preheat and cutheat temperature of 220°C was chosen and used in the analyses 
of all samples, which were analyzed on Risø model DA 15 and DA 20 TL/OSL readers.  
Final age estimates were based on a minimum of 20 aliquots.  Aliquots were rejected if 
recycling ratios were >10% from unity, if shine down curves showed a high intermedi-
ate component, or if aliquots had measureable signals from IR diode stimulation.  Envi-
ronmental dose rates were calculated from concentrations of K, U, and Th, which were 
taken from bulk sediment samples and were determined by inductively coupled plasma-
mass spectrometry.  Moisture contents were measured from in situ bulk sediments taken 
adjacent to the optical dating samples.  Equations from Prescott and Hutton (1994) were 
used to estimate cosmogenic dose rate contribution.  Final De values were calculated 
using the central age model of Galbraith et al. (1999).  All optical ages are presented in 
calendar years before 2010.   
 
Results 
Dune Stratigraphy 
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 In sediment cores described in the lab, alluvial sediments, loess, and eolian sands 
were distinguished from one another by texture and sedimentary structures (Appendix 
2).  The alluvial sediments were distinguishable from the eolian sands primarily from 
the dramatic increases in silt and clay content, as well as the shift from single grain to 
massive or weak platy structure.  Loess, which was only present in the lower 2 meters of 
the Stanton Eleven core, had an overall very fine sandy loam texture with massive to 
moderate subangular blocky structure, and contained redoximorphic features throughout 
the section.  Eolian sands were composed of fine to medium grain sand, single grain 
structure, and often contained lamellae.  Lamellae were present in 11 of the 13 cores 
taken from the Stanton dune area, which occur at depths ranging from 0.4 m to 7.0 m 
(Figure 3), with a clay increase of about 1% (Appendix 3).  Lamellae thickness varied 
from 0.1 cm to 2 cm, and color ranged from faint light yellow to dark grayish brown, 
often lighter or redder than the surrounding eolian sand. 
 
Geochemical Analysis 
 A comparison of rubidium (ppm Rb) and potassium (% K₂O) levels from the 
OSL samples indicates no geochemical difference between eolian dune sand and the un-
derlying alluvial sands in the Stanton dunes (Figure 4).  When compared to geochemical 
data published in previous studies (Hanson et al., 2009; Muhs et al., 1997), the geo-
chemical properties of the Stanton dunes are very similar to sediments from other 
streams that drain the Nebraska Sand Hills, and moreover, similar to the eolian sand in 
the Nebraska Sand Hills. 
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Optical Age Chronology 
 For the dune sands and underlying alluvial sediments from the Stanton dunes, a 
total of 24 optical ages were generated (Table 2).  For samples taken from the alluvium 
underlying the dunes, a total of six age estimates ranged from 23.7 ± 4.4 ka to 15.8 ± 1.7 
ka.  For the samples taken from the dune sands, a total of 18 optical age estimates 
 
Rb (ppm)
40 50 60 70
%
 K
2
0
1.6
1.7
1.8
1.9
2.0
2.1
Figure 4.  K2O (%) versus Rb (ppm) values for eolian (    ) and alluvial (    ) sediments from 
Stanton Dunes, Nebraska. 
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ranged from 9.8 ± 1.8 ka to the modern era.  The optical ages from the eolian sands fall 
into several groups: less than 0.12 ka, 0.63-0.41 ka, 0.96-0.82 ka, 5.8-3.8 ka, and 9.8 ka. 
 
Discussion 
Lamellae Formation and Development 
 The lamellae-like features identified in most of the sediment cores from the 
study area occur in various thicknesses and amounts across the entire range of elevations 
sampled, in eolian and alluvial parent materials, and at various OSL ages.  The colors 
and thicknesses of these features make them visually distinct in these sediments, howev-
er the lack of clay development (only 1% maximum increase compared to the interven-
ing sediment) would not qualify these features to be described as lamellae following 
Keys to Soil Taxonomy (USDA, 2003).  Previous studies have designated the horizons in 
which lamellae occur as E/Bt (Schaetzl, 1992) or as Bt&C or C&Bt (Holliday and Rawl-
ing, 2006), where there were significant changes in the clay contents and sand fractions 
which adequately justified these horizon designations.  The little to no change in texture 
between the lamellae-like features and the sediment in which they were identified led to 
more basic horizon designations (i.e. A, Ab, AC, CA, C) as seen in Appendix 2. 
Several studies have been previously conducted lamellae on a wide variety of 
soils, which has led to great insight into the formation of lamellae and lamellae-like fea-
tures.  As noted by Dijkerman et al (1967), textural lamellae, thin subsoil layers contain-
ing more clay than the layers above and below them, are present in some sandy soils of 
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humid temperate regions, such as those found in the Stanton dune field.  Their formation 
may be attributed to one or more of multiple processes.  The study of these silicate clay 
and iron bands over the last century are present predominantly in Quaternary sands and 
soils, and the formation of which has been narrowed into three general categories: pedo-
genic, formation by clay illuviation; petrogenic, sedimentary deposition of the parent 
material; and pedo-petrogenic, formation by clay illuviation controlled by parent materi-
al properties from deposition (Rawling, J.A., III, 2000).  Holliday and Rawling (2006) 
note that in areas with abundant sources of aerosolic dust, such as loess and floodplain 
alluvium, the dust is deposited on the land surface and then translocated through the soil 
via water, thus making that dust the likely source of the clay comprising the lamellae.  
The loess-capped uplands and alluvial sediments from the Elkhorn River could provide 
the Stanton dune field with two sources of aerosolic dust that would move through the 
eolian sand soils via water, thus making these features illuvial in form.  However, with-
out further investigation into the scarce clay materials within these lamellae-like fea-
tures, it is not safe to assume that they were formed by illuviation, nor would it be plau-
sible to make an assumption as to whether they have formed pedogenically, petrogeni-
cally, or pedo-petrogenically.   
 
Alluvial Sediments 
 Alluvial sediments were present in the lower portions of four of the thirteen sedi-
ment cores taken from the Stanton dunes (Figure 3; Appendix 2).   Optical ages were 
collected from five of the thirteen cores, both near the surface and at depth (Figure 3; 
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Table 2).  Optical dating is primarily conducted on eolian sediments as these sediments 
are fully bleached by sunlight when moved or suspended in the air, whereas partial or 
incomplete bleaching can occur to sediments moved or suspended in water.  However, 
optical dating of alluvial sediments was successful in the study of the Duncan Dunes 
(Hanson et al., 2009), as well as in other previous research (Rittenour et al., 2003).  
With dating procedures and protocols being similar between this study and those previ-
ously mentioned and a lack in data suggesting partial bleaching of the sediments, confi-
dence in the validity of the alluvial ages from the Stanton Dunes is high.  The optical 
age estimates from these five alluvial samples range from 23.7 ± 4.4 ka to 15.8 ± 1.7 ka.  
Minute discrepancies occur between the depth of the alluvial optical age samples and 
their placement within corresponding parent material in the sediment cores because 
depth for the optical age samples was measured in the field, where several holes were 
subject to back-filing, while the overall depth of the cores and horizon designation was 
determined during sediment analysis in the lab.  Due to these discrepancies, some alluvi-
al ages many appear to be found within eolian sands (Figure 3).  These ages suggest the 
alluvial fill within the terrace that the dunes are located on was deposited during marine 
isotope stage 2.   
 
Dune Chronology 
 Of the 18 optical age estimates from eolian sediments, most cluster into a few 
distinct age ranges within the last 10 ka (Figure 5).  Nine of these age estimates indicate 
that dune activity  
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Figure 5.  Optical age estimates with 1 σ error for eolian samples from Stanton Dunes, Nebras-
ka.  Gray bars represent megadroughts identified in the Nebraska Sand Hills (Miao et al., 2007.)  
 
occurred in this area between 960-410 years ago, with two distinct periods from 960-
820 and 630-410 years ago.  Two of the eolian sediment age estimates also indicate 
modern activity within the last 120 years.  With the exception of four relatively low-
lying sites, each of the surface sediment samples indicates that the Stanton dunes were 
active within the past 1000 years.  The remaining seven optical age estimates from the 
eolian sediments indicate much older activation periods.  Six of these older activation 
age estimates cluster around 5,800-3,800 years ago, and one age estimate indicates ac-
tivity around 9,800 years ago.   
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Regional Climatic Comparisons 
 A comparison between the Stanton dunes and the Nebraska Sand Hills and other 
eastern dune field records in the Great Plains shows remarkable similarities, as well as 
some distinct differences (Figure 6).  Most dune studies of the Nebraska Sand Hills 
show that there were four significant and distinct periods of dune activation, from 9,600-
6,500 years ago, a period of continuous drought and eolian activity, and also later events 
centered around 3,800, 2,500, and 700 years ago (Goble et al., 2004; Mason et al., 2004; 
Miao et al., 2007).  The earliest two dune ages from the Stanton dunes at 9,800 and 
5,800 years ago, fall within 1 σ error of the earliest Holocene activation period in the 
Nebraska Sand Hills, from 9,600-6,500 years ago, though, similar ages were not found 
in the Duncan or Abilene dunes.   
Three dune ages from 4,600-4,500 years ago overlap with the 4,980 year age 
from the Duncan Dunes (Hanson et al., 2009).  These ages fall within a notable gap in 
dune activation between 6500 and 4,000 years ago in the Nebraska Sand Hills (Miao et 
al., 2007).  While localized blowouts could explain these ages of eolian activity in the 
Stanton dunes during a known period of dune stability in the Sand Hills, it is more likely 
that these ages reflect the limited preservation of a larger-scale dune activation event.  
This interpretation is based on the fact that these ages occur at both shallow and deep 
depths within the dunes, and across a large portion of the Stanton dunes.  Because this 
hypothesis is based on a limited number of ages, additional data would be needed to fur-
ther explore its validity.   
 24 
 
Figure 6.  Optical age estimates with 1 σ error for eolian samples from the Stanton 
Dunes, Nebraska (    ); Duncan Dunes, Nebraska (    ); and Abilene Dunes, Kansas 
(    ).  Gray bars represent megadroughts identified in the Nebraska Sand Hills (Miao 
et al., 2007.) 
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Two dune ages from 4,400-3,800 years ago, correlate to several similar ages 
from the Duncan Dunes at approximately 4,400-3,400 years ago (Hanson et al., 2009), 
and fall within 1 σ error of the Nebraska Sand Hills activation period centered around 
3,800 years ago (Miao et al., 2007).  The nine eolian ages from the Stanton dunes from 
960-410 years ago overlap well with ages from the Duncan Dunes in Nebraska and the 
Abilene Dunes in Kansas, all of which show eolian activity both before and after the 
activation period of the Nebraska Sand Hills centered around 700 years ago.  However, 
the majority of these ages from the Stanton Dunes are significantly younger and do not 
fall within error of the most recent megadrought event in the Nebraska Sand Hills.  This 
oddity could be the explained by one of three possible causes.  First, these six ages 
could be younger due to issues with the OSL dating, such as problems with moisture 
content and measurement or problems with the geochemical analysis.  This is not likely 
to be the case as problems such as these would have caused all of the OSL ages to be 
younger than what they are estimated at.  The second possible explanation for these 
young ages could be an increase in sediment supply from the Elkhorn River.  This is 
also an unlikely cause as these ages would then be found in the sampling sites closest to 
the Elkhorn River (Stantons 5-10; Figure 2B) and not spread out across the entire dune 
field.  In fact, these six young ages were only found at Stantons 1, 3, 5, 6, and 11 study 
sites but not in the area closest to the Elkhorn River (Stantons 8-10; Figure 2B).  The 
third, and likely explanation for the young set of ages is that a localized drought in the 
Stanton area, after the megadrought event in the Nebraska Sand Hills, was severe 
enough to remove the cover vegetation and activate the sediments.  The two modern ag-
es from the Stanton Dunes do not correlate to recent eolian activity in the other eastern 
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margin dune fields, but do correspond to activity in the Nebraska Sand Hills, in which 
episodic activity was found to occur around 140 and 70 years ago by Forman et al. 
(2005).  These modern ages could also reflect local eolian deflation related to grazing 
and cropping impacts or may be a result of blowout activity, but more in-depth investi-
gation would be required due to the limited number of these ages.   
Although, the majority of Stanton eolian sediment optical age estimates overlap 
within 1 σ of the megadrought events documented in the Nebraska Sand Hills, none of 
the eastern margin dune fields, including the Stanton Dune field, contained sediments 
reflecting activity around 2,500 years ago, a major drought event in the expansive Ne-
braska Sand Hills.  This could be the result of an extensive and widespread megadrought 
and dune activation event that is not well preserved in the small eastern dune fields of 
the Great Plains, or merely due to sampling biases in these dune fields.   
 The chronology of dune activity in the Stanton dune field is similar to the recon-
structions of other eastern margin dune fields (Hanson et al., 2009; Hanson et al., 2010), 
as well as in the Nebraska Sand Hills and other major dune fields in the Great Plains 
(Stokes and Gaylord, 1993; Arbogast, 1996; Arbogast and Johnson, 1998; Clarke and 
Rendell, 2003; Lepper and Scott, 2005; Miao et al., 2007; Werner et al., 2011).  The low
-lying floodplain position of the Stanton Dunes, compared to the high surrounding loess
-capped uplands, and the close proximity to the Elkhorn River, which drains the Nebras-
ka Sand Hills, could result in dune activity caused by direct and indirect responses to 
megadrought events, following Hanson et al. (2009).  Like the Duncan Dunes of Ne-
braska (Hanson et al., 2009), a direct response to regional drought would be repeated 
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dune activity within the Stanton dune field from the dry conditions of a megadrought 
period and corresponding reduction in stabilizing vegetation that favors dune movement.   
Another possibility is that the Stanton dunes became activated as an indirect re-
sponse to increased aridity.  As the Nebraska Sand Hills are activated by megadrought 
events, there will be an increase in sediment draining into the Elkhorn River to supply 
sand to the Stanton Dunes as an indirect response to regional drought (Hanson et al., 
2009.)  The geochemical analysis of the sediments from the Stanton Dunes indicate that 
the sands were sourced from the Nebraska Sand Hills, indicating that sediment was 
moving out of the Sand Hills by water as it drained down the Elkhorn River, and was 
later deposited by wind in the Stanton Dune field.  Multiple eolian activations occurring 
during and outside of known megadrought periods, in addition to the distinct sediment 
structures and sequences in the Stanton Dunes, indicates that a combination of drought 
and changes in sediment supply were the driving forces behind its eolian activity. 
  
Conclusion 
 Twenty-four optical age estimates indicate that the Stanton Dunes were active 
during five distinct periods during the last 10 ka, around 9.8 ka, from 5.8-3.8 ka, 0.96-
0.82 ka, 0.63-0.41 ka, and within the last 0.12 ka, and that the underlying alluvial sedi-
ments were deposited between 23.7 and 15.8 ka.  Coupled with studies of the Duncan 
and Abilene dune fields, it is apparent that several of the major activation periods of the 
Nebraska Sand Hills were far reaching into the eastern margins of the Great Plains, with 
the exception of the activation period centered around 2.5 ka.  Though lamellae-like fea-
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tures were present in several sediment cores from the Stanton dune field, because of the 
lack of more distinctive development, no conclusions can be made about exactly how or 
why they have formed in these eolian sediments.  The eolian activity and repeated dune 
activation during the last 10 ka can be attributed to both increased sediment supply from 
the Elkhorn River and to increased regional aridity.   
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e 
su
b
an
g
u
la
r 
b
lo
ck
y
, 
S
B
K
 =
 s
u
b
an
g
u
la
r 
b
lo
ck
y
, 
P
L
 =
 p
la
ty
; 
B
o
u
n
d
ar
y
, 
C
 =
 c
le
ar
, 
G
 =
 g
ra
d
u
al
, 
A
 =
 
ab
ru
p
t,
 N
/A
 =
 n
o
t 
ap
p
li
ca
b
le
 o
r 
n
o
 b
o
u
n
d
ar
y
 t
o
 d
es
cr
ib
e.
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Appendix Three: 
Particle Size Analysis  
Data 
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Particle Size Analysis Data 
Stanton One Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 6 27 67 14 35 16 2 
Sandy 
Loam 
  30 2 4 94 5 68 20 0 Sand 
  60 2 2 96 4 62 30 1 Sand 
  180 1 2 97 2 51 41 3 Sand 
  192 2 4 94 9 54 30 2 Sand 
  210 1 2 97 7 69 20 0 Sand 
  240 1 2 97 2 61 34 0 Sand 
  300 1 2 97 4 67 26 0 Sand 
  330 1 1 97 1 46 45 4 Sand 
  450 1 2 97 2 57 37 1 Sand 
  510 1 2 97 3 62 32 1 Sand 
                    
                    
Stanton Two Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 3 9 89 6 49 31 3 Sand 
  30 1 2 96 1 71 25 0 Sand 
  60 2 1 98 2 65 31 0 Sand 
  150 4 10 86 10 48 26 2 Sand 
  180 2 4 94 5 52 34 3 Sand 
  210 2 3 95 3 54 36 2 Sand 
  270 1 2 98 2 61 34 1 Sand 
  300 1 1 98 2 60 35 1 Sand 
  360 1 1 97 2 52 40 4 Sand 
  390 2 1 98 2 68 28 0 Sand 
  450 2 3 95 6 58 31 1 Sand 
  480 1 0 99 1 50 45 3 Sand 
  510 1 1 98 1 43 48 7 Sand 
  540 1 0 99 1 52 43 3 Sand 
  570 2 10 87 7 47 31 2 Sand 
  630 2 2 97 4 65 27 0 Sand 
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Stanton 
Three Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 6 21 73 12 36 21 3 
Sandy 
Loam 
  30 3 6 92 5 50 33 3 Sand 
  60 1 2 97 3 54 38 2 Sand 
  182 1 2 97 2 53 39 2 Sand 
  210 1 0 99 1 48 47 4 Sand 
  240 2 0 98 4 63 31 0 Sand 
  305 1 2 97 14 65 17 0 Sand 
  330 1 0 99 3 57 38 2 Sand 
  480 2 2 97 2 60 34 0 Sand 
  510 2 2 97 10 72 14 0 Sand 
  570 1 2 98 18 75 4 0 Sand 
  630 1 1 97 7 61 29 1 Sand 
  660 2 0 98 3 67 28 0 Sand 
  690 2 0 98 6 72 20 0 Sand 
                    
                    
Stanton 
Four Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 5 18 77 15 44 17 1 
Loamy 
Sand 
  30 2 4 94 10 65 19 0 Sand 
  60 2 3 95 11 58 25 0 Sand 
  90 1 2 97 10 66 21 0 Sand 
  150 1 2 97 5 60 31 1 Sand 
  163 1 2 97 8 55 32 2 Sand 
  180 1 2 97 11 67 20 0 Sand 
  240 1 2 97 6 62 29 1 Sand 
  270 2 2 97 5 54 32 6 Sand 
  272 2 2 96 8 66 22 0 Sand 
  276 1 2 97 8 65 23 0 Sand 
  300 2 3 95 10 58 27 1 Sand 
  330 9 13 78 21 43 13 0 
Loamy 
Sand 
  360 2 5 92 22 53 17 0 Sand 
  390 8 12 80 28 43 10 0 
Loamy 
Sand 
  420 6 7 86 13 47 24 2 Sand 
  480 4 6 90 10 45 27 8 Sand 
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Stanton 
Five Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 4 15 82 7 40 31 3 
Loamy 
Sand 
  30 3 5 92 1 51 38 2 Sand 
  60 2 2 96 1 54 40 2 Sand 
  150 0 0 100 2 63 34 1 Sand 
  180 0 0 100 3 72 25 0 Sand 
  210 0 0 100 2 62 35 1 Sand 
  240 0 1 99 4 62 32 1 Sand 
  270 1 2 97 3 67 27 0 Sand 
  360 2 4 94 4 59 31 1 Sand 
  390 1 3 96 3 55 37 2 Sand 
  450 2 5 93 4 50 36 2 Sand 
  480 1 2 97 5 70 22 0 Sand 
  570 1 1 98 4 56 36 1 Sand 
  660 2 3 95 1 50 41 3 Sand 
                    
Stanton Six Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 4 17 79 10 40 25 3 
Loamy 
Sand 
  30 3 10 86 7 49 29 1 Sand 
  60 2 3 96 4 57 33 1 Sand 
  150 1 0 99 1 55 41 2 Sand 
  180 1 2 97 7 70 21 0 Sand 
  240 1 3 96 5 69 22 0 Sand 
  270 2 0 98 8 74 17 0 Sand 
  360 3 6 91 2 48 39 3 Sand 
  390 2 2 96 1 52 42 1 Sand 
  450 1 0 99 1 51 44 3 Sand 
                    
Stanton 
Seven Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 5 24 71 16 33 19 4 
Sandy 
Loam 
  30 3 12 85 10 47 27 2 
Loamy 
Sand 
  60 2 5 94 12 55 26 1 Sand 
  150 1 2 96 15 67 14 0 Sand 
  180 2 5 92 38 53 1 0 Sand 
  210 3 5 92 20 58 14 0 Sand 
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Stanton Eight Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 5 18 77 9 41 25 2 
Loamy 
Sand 
  30 3 6 90 3 54 32 1 Sand 
  60 2 4 94 2 52 39 2 Sand 
  85 2 2 96 3 64 29 0 Sand 
  90 1 2 97 9 66 22 0 Sand 
  150 1 2 97 3 56 37 1 Sand 
  180 1 2 97 15 67 15 0 Sand 
  210 2 2 96 2 54 39 1 Sand 
  270 2 2 96 5 62 28 0 Sand 
  360 3 5 92 8 53 30 1 Sand 
  390 18 40 42 20 14 7 1 Loam 
  420 4 10 86 14 45 25 2 Sand 
                    
Stanton Nine Depth Clay Silt Sand 
V. 
Fine Fine Medium Coarse Texture 
  0 7 32 60 14 25 18 4 
Sandy 
Loam 
  30 12 34 54 16 22 13 3 Loam 
  60 2 4 93 0 26 56 11 Sand 
  90 21 38 41 29 13 0 0 Loam 
  150 1 0 99 0 44 51 4 Sand 
  180 0 1 99 1 47 47 5 Sand 
  210 15 22 63 21 29 12 1 
Sandy 
Loam 
  240 5 13 82 20 45 16 0 
Loamy 
Sand 
  270 13 40 47 27 15 4 0 Loam 
  285 26 51 23 20 3 0 0 
Silt 
Loam 
  360 12 36 52 35 17 0 0 Loam 
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Stanton 
Ten Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 7 29 65 12 33 18 1 
Sandy 
Loam 
  30 5 17 78 7 44 25 1 
Loamy 
Sand 
  60 3 6 92 10 57 24 0 Sand 
  82 2 3 95 10 64 22 0 Sand 
  150 2 3 95 7 54 32 2 Sand 
  180 2 3 96 10 55 29 1 Sand 
  240 1 1 97 2 52 40 3 Sand 
  267 1 1 97 3 60 33 1 Sand 
  300 2 2 96 8 55 31 2 Sand 
  330 0 0 100 0 31 57 13 Sand 
  360 1 0 99 1 56 41 1 Sand 
  390 1 0 98 6 66 26 0 Sand 
                    
Stanton 
Eleven Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 5 19 76 8 40 26 2 
Loamy 
Sand 
  30 3 7 91 6 62 23 0 Sand 
  60 2 4 93 4 62 28 0 Sand 
  150 2 3 95 4 73 18 0 Sand 
  180 2 2 96 1 57 37 1 Sand 
  270 4 12 84 8 49 27 1 
Loamy 
Sand 
  300 4 10 85 9 50 26 1 
Loamy 
Sand 
  360 4 7 89 10 54 25 1 Sand 
  390 1 3 96 8 69 18 0 Sand 
  413 0 1 98 9 69 21 0 Sand 
  450 1 2 97 7 70 19 0 Sand 
  480 18 33 49 34 15 0 0 Loam 
  600 11 19 70 24 37 10 0 
Sandy 
Loam 
  630 18 35 48 33 14 0 0 Loam 
  660 12 21 67 31 30 5 0 
Sandy 
Loam 
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Stanton 
Twelve Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 8 27 65 12 33 19 1 
Sandy 
Loam 
  30 15 61 24 21 4 0 0 
Silt 
Loam 
  60 6 18 76 14 36 23 4 
Loamy 
Sand 
  82 2 2 96 1 51 41 3 Sand 
  120 1 1 97 2 59 36 1 Sand 
  150 1 0 99 0 43 51 5 Sand 
                    
Stanton 
Thirteen Depth Clay Silt Sand 
V. 
Fine Fine 
Medi-
um Coarse Texture 
  0 3 11 85 8 49 27 2 Sand 
  30 2 3 95 1 71 24 0 Sand 
  60 2 2 96 1 65 30 0 Sand 
  150 1 2 97 7 64 26 0 Sand 
  180 1 2 97 6 77 14 0 Sand 
  240 1 2 97 4 60 32 1 Sand 
  270 1 1 97 4 58 34 2 Sand 
  330 1 0 99 4 63 31 1 Sand 
  360 2 0 98 5 70 23 0 Sand 
  390 1 2 97 2 50 42 4 Sand 
  420 1 4 94 13 51 27 2 Sand 
  480 1 3 96 13 60 23 0 Sand 
  510 1 4 94 14 53 25 3 Sand 
  540 1 3 96 10 57 27 1 Sand 
  570 1 2 96 9 62 25 0 Sand 
  600 1 1 97 5 58 34 1 Sand 
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